A bioassay-guided fractionation of methanol extracts of stem barks, combined with screening based on Epidermal Growth Factor (EGF)-responsive neural stem cells (erNSCs) differentiation assay, has been used. This study resulted in the isolation of 3,3'-di-O-methylellagic acid 1, 3,3'-di-O-methyl ellagic acid-4-O-β-D-xylopyranoside 2, ellagic acid 3, and arjunolic acid 4. Among them, compounds 1 and 2 exhibit potent induction of neuronal differentiation in neurosphere stem cells with no cytotoxic effect. These results indicate that compounds 1 and 2 may be useful as pharmacological agents for the treatment of neurodegenerative diseases. These compounds may account, for the use of T. superba in folk medicine for nervous system and mental disorders.
Terminalia superba Engl., popularly known as "Limba, Afara or Korina", is a large tree in the family Combretaceae, native to tropical western Africa. Previous pharmacological reports on T. superba showed methanol extract of stem barks to have vasorelaxant effects on rat vascular smooth muscle [1] and the methanol/methylene chloride extract to have anti-diabetic activity [2] . However, no work has been focused on the evaluation of induction of neuronal differentiation in neurosphere stem cells. Chemical investigations of the stem barks of T. superba led to the characterization of ellagic acid derivatives and lignans [3, 4] . Some of these compounds were found to possess α-glucosidase enzyme inhibition, anticancer and immunoinhibitory activities [4, 5] . In this study we report the induction of neuronal differentiation in neurosphere stem cells of the methanol extract of the stem barks of T. superba and the four isolated compounds, ellagic acid, arjunolic acid, 3,3'-di-O-methylellagic acid 1 [6] and 3,3'-di-O-methylellagic acid 4-O-β-Dxylopyranoside 2 [7] . The induction of neuronal differentiation in neurosphere stem cells of each isolate was evaluated by erNSCs differentiation assays and only compounds 1 and 2 showed potent inhibition without cytotoxicity. The induction of ellagic acid was less potent than that of 1 and 2. In contrast triterpenoid 4 is toxic at 10 μM. This suggests the ellagic acid nucleus to be the key motif for the induction of neuronal differentiation in neurosphere. The difference observed between the activity of 1 and 2 and the activity of ellagic acid 3 may be explained by the presence of the methoxy groups at C-3 and C-3′, which may be beneficial to neuronal differentiation activity in erNSCs cultures. Compounds 1 and 2 exhibited significantly greater neurogenic effects than retinoic acid, an internal standard (Figures  1A, 1B and Table 1 ). As shown in Figure 1A , immunocytochemical experiments indicated that treatment with 1 resulted in a significant numerical increase of TUJ/MAP2+ neurons (33.4 ± 2.7% vs 10.8 ± 1.0%, compared with the controls, p <0.001) with a considerable concomitant decrease in the number of GFAP+ astrocytes (24.9 ± 2.3% vs 39.4 ± 1.2%, compared with the controls, p < 0.01) in NSCs cultures. Compound 2 under the same conditions (10 μM for 24 h) showed numerical increase of TUJ/MAP2+ neurons (29.7 ± 2.5% vs 10.8 ± 1.0%, compared with the controls, p <0.001) with a decrease in the numbers GFAP+ astrocytes (28.3 ± 1.9% vs 39.4 ± 1.2%, compared with the controls, p < 0.01) in NSCs cultures. Exposure of NSCs to 1 and 2 (10 μM) for 24 h resulted in a potent neurogenic effect, without cytotoxicity, as indicated by similar total cell numbers (Table 1) ; however, compounds 3 and 4 showed signs of cell toxicity, indicated by a drop in the total number of cells (113 ± 14 and 61 ± 16, respectively vs 156 ± 10, p < 0.01), although 3 exhibited a considerable increase in percentage of TUJ/MAP2+ neurons (21.4 ± 1.9% vs 10.8 ± 1.0%, compared to the controls, p < 0.001, Table 1 ). (1) and (2) for 24 h followed by 72 h incubation with 1 μM (g-l). (B-D) Quantitative analysis showed that (1) and (2) 
Extraction and Bioassay-Guided Isolation:
The airdried powdered stem barks of T. superba (500 g) were Soxhlet extracted with methanol. The extract was evaporated in vacuo to yield 10 g extract. The extract was tested using the neurosphere stem cell differentiation assay and was found to exhibit activity. Separation was achieved by column chromatography (normal-phase silica) via elution with a hexane/AcOEt and AcOEt/MeOH gradient. A total of 82 fractions (100 mL/fraction) were collected; fractions with the same or similar R f values on TLC were pooled, resulting in 5 fractions, F1 -F5, which were also further tested for their neurogenesis activity. Fraction F2 and F3, were found to be the most active fractions, with 19. NSCs Culture: Mouse embryonic neural stem cells were prepared as described by Reynolds and Weiss [8, 9] . Briefly, embryonic telencephalonic vesicles taken from pregnant mice at gestational age 14.5 days were dissected and mechanically dissociated. Experiments were performed in accordance with the standards established by the Guide for the Care and Use of Laboratory Animals of Louis Pasteur University, and approved by the local ethics committee. The whole laboratory procedure was carried out under the permission and surveillance of the ethics committee. Cells were then plated in 25 mL flasks (Falcon) at a cell density of 106/10 mL in the defined medium DMEM:F12 (1:1, v/v; Invitrogen), supplemented with 25 μg/mL insulin (Sigma), 100 μg/mL holotransferin (Sigma), 20 nM progesterone (Sigma), 60 μM putrescine (Sigma), 30 nM selenium (Sigma), 100 units/mL penicillin (Sigma), and 100 μg/mL streptomycin (Sigma) with 20 ng/mL EGF (Sigma) and were cultured in a humidified (5% CO 2 , 37°C) incubator. After 7 days culturing in vitro (DIV), the free-floating undifferentiated cell clusters (referred to as primary neurospheres) were collected from flasks, centrifuged, resuspended, and dissociated mechanically and chemically with a cell dissociation solution (Sigma) into a single-cell suspension. The cells stimulated by EGF further formed secondary neurospheres after 3-4 DIV culture in 75 mL flasks (Falcon) precoated with poly(2-hydroxyethyl methacrylate) (1.6 mg/cm 2 ; Sigma), and EGFresponsive neurosphere stem cells were passaged routinely every 3-4 days, up to 30.
NSCs Differentiation Assay and Treatment:
The neuronal differentiation-promoting effects of extract, subfractions and compounds were monitored using an in vitro EGF-responsive neurosphere differentiation assay as previously published method [10] . Briefly, 50-100 neurospheres per well were deposited on poly-L-ornithine-coated coverslips in 24-well plates and differentiated in the defined medium with 0.5% fetal bovine serum (FBS) and 2 ng/mL EGF for 3-4 days. Tested fractions and compounds were prepared in 100% EtOH and diluted in defined medium immediately before each experiment (final EtOH concentration was <0.1%, v/v) at different concentrations (10-20 μg/mL for extracts, fractions and compounds) with a final volume of 2 mL in each well. Retinoic acid (1 μM) was used as an internal standard [11] , and EtOH (0.1%) as the control.
Immunocytochemistry and Confocal Microscopy:
Cells grown on poly-L-ornithine-coated coverslips were fixed for 20 min, 4% paraformaldehyde in phosphate saline buffer (PBS), at room temperature and were subsequently permeabilized for 5 min with 0.5% Triton X-100 in PBS and blocked by applying 3% bovine saline albumin (BSA) for 30 min. Cells were incubated for 2 h at room temperature in PBS containing 1% BSA and the appropriate mixture of primary antibodies as follow: mouse monoclonal anti-βIII-tubulin (TUJ1, neuronal marker, 1:400; Covance); mouse monoclonal antimicrotubuleassociated protein 2a+2b (MAP2, neuronal marker, 1:600; Sigma); and rabbit polyclonal anti-glia fibrillary acidic protein (GFAP, astrocyte marker, 1:1000; Dako). After cells were rinsed with PBS five times, secondary antibodies conjugated with antimouse Alexa 555 or anti-rabbit Alexa 488 (1:1000; Molecular Probes) in PBS containing 1% BSA were added to tested cells for 1 h in the dark. Then cells were subsequently washed in PBS three times and counterstained for 20 min with TOPRO-3 (1:10000; Molecular Probes) to identify nuclei. Finally cells were washed twice in PBS and the coverslips were mounted on the slides with Aquapolymount (Polyscience). The cell samples were viewed for triple immunofluorescence, and images were acquired under a Zeiss LSM 510 confocal microscope (Oberkochen, Germany) with a 40X oil objective lens.
Cell Count and Statistical Analysis:
For quantitative analysis, 8-12 randomly selected neurospheres were captured from each experiment, and at least three independent experiments were performed. Quantification of cells was based on counting the number of TOPRO-3 stained nuclei and the specific immunostained cells by using ZEISS LSM software. All experimental data were expressed as mean ±SEM. Oneway ANOVA followed by the Bonferroni-Dunn test was used to assess significance of the differences between groups; differences with p < 0.01 were regarded as statistically significant. Analysis was conducted using StatView 5.0 software (Abacus Concepts, Inc.).
